SUMMARY A prerequisite for the optimal use of the twin method in human genetics is an accurate determination of the zygosity at birth. This diagnosis is sometimes hampered by the lack of available specific markers. We report here the use of DNA variants (restriction fragment length polymorphisms) as genetic markers for zygosity determination. We have analysed the placental DNA of 22 twin pairs with known zygosity on Southern blots by hybridisation with polymorphic human DNA probes. We looked at six different polymorphic sites using four restriction enzymes and six DNA probes. Among 10 dizygotic (DZ) pairs, only one was not demonstrably different and seven had at least two discordances. Within each of the 12 monozygotic (MZ) pairs there was complete concordance. Thus, nine of 10 dizygotic and 12 of 12 monozygotic twins were assigned their correct zygosity solely by comparison of six DNA variants.
Several methods, for example, sex, umbilical cord blood group determination, placental structure, protein enzyme analyses, histocompatibility tests, and dermatoglyphs, are available for the diagnosis of twin zygosity at birth. However, some of these tests have to be performed immediately after birth and call for techniques or equipment often lacking in many hospitals. Methods using samples which could be stored and sent to specialised laboratories if necessary would be useful. Therefore, we looked at the determination of new genetic markers using fresh or frozen placental tissue.
Restriction fragment length polymorphisms (RFLPs) were determined at a diallelic locus. In contrast, the The hybridisation patterns of probes L2.7, L3.8, L3-8/TaqI polymorphism is a triallelic system, and L128 are shown in the figure. Table 2 involving a combination of a deletion and a pre-summarises the different variant scores of the sumptive point mutation. The deletion of this representative DZ (a) and MZ (b) twin sets. The polymorphism could be detected by using a second observed intrapair differences are underlined. Of (1-p)=0-92 or the probability of finding a difference within a DZ
(1-p)=0*87 or the probability of finding a difference within a DZ twin pair after testing the six DNA variants is 92%.
twin pair after analysing the six blood groups is 87%.
*p is the probability that a DZ twin pair is alike for the unlinked autosomal loci tested.'0C Derom et al the 10 pairs of DZ twins, nine had different restriction patterns and only one was scored as having identical patterns. The DNA discordances ranged from one (in two pairs) to four (in pair 24). Within each of the 12 MZ twin pairs there was complete concordance, indicating that the restriction variants were stable and heritable. Thus, nine of 10 of the DZ twin pairs were assigned their correct zygosity solely by comparison of the six RFLPs, while complete concordance was achieved in the scores of the MZ pairs.
To evaluate the efficiency of the DNA polymorphisms studied in distinguishing DZ from MZ twins, one can estimate the total probability of a random pair of DZ twins being concordant for all of the unlinked autosomal loci tested. For each polymorphism, this probability can be calculated according to the number of alleles, their gene frequencies, and their inheritance.9 (' The lower this value, the more efficient a locus is in distinguishing DZ from MZ twins. The efficiencies of different markers (p in table 3) can be combined by multiplying their individual efficiencies. As shown in table 3, the twin zygosity determination derived from the scoring of the six DNA polymorphisms is more accurate than after genotyping for the loci of the blood groups ABO, Rh, Kell, Duffy, MNSs, and P. This is in agreement with our results, since nine out of the 10 DZ pairs were assigned their correct zygosity.
Discussion
This new tool for zygosity determination at birth could have several advantages over conventional methods. (1) Placental tissue is rich in DNA and can be stored at -20°C for long periods of time. In places where there are no facilities for blood group determinations, or in circumstances where it is difficult to send blood to the laboratory, this could be an alternative method of genotyping. (2) Theoretically, the number of polymorphic sites is almost unlimited. Thus, the accuracy of the zygosity diagnosis can be extended at will, as far as unlinked loci are concerned. Furthermore, the use of longer probes should permit longer segments of DNA and many restriction sites to be examined in a single experiment.2 The same results can also be obtained by using a set of different polymorphic DNA probes in the same hybridisation mixture. (3) In cases of fetal death, a circumstance in which the detection of conventional genetic markers is difficult or impossible, DNA typing should still remain possible. (4) If any unusual DNA variant were found, enough DNA would also be available to provide a standard for this new variant. (5) Since DNA is readily obtainable, this method could be important when using twins for sib pair linkage studies.
The use of these highly polymorphic DNA probes has other important biological implications. As the variant frequencies (±30%) of the minor alleles are high, these RFLPs could be very important in the traditional methods of antenatal diagnosis where DNA is used. The fetal DNA must be differentiated unambiguously from the maternal DNA. This creates some practical problems, which may be solved by the use of a small battery of highly polymorphic probes (table 3) . Finally, these same RFLPs could also be used for paternity testing.
